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Abstract.  A  new  mathematical  model  for  mining  through  formation  is  suggested.  A  vector  function  which 
describes the created displacement possibility of the influence zone points of the mining excavation is applied. 
The points put under influence react specifically to the offered displacement possibility. The reaction functional 
describes their behavior. The cause-effect connection between the behavior of the displacement’s sources and 
the reaction of the influence area points is described. The vector function of the source of displacement is 
obtained. The required simplification for mining out a coal seam is made. A new formula for determining the 
vertical displacement field is obtained. 
An  approach  is  suggested  which  makes  it  possible  to  determine  the  rock  mass  reaction  on  basis  of  in-situ 
measurements. The reaction of the rock mass of the created displacements possibility is determined analytically 
after measurements of the displacements in a given mining field. This allows better calculation results to be 
obtained and offers an opportunity to adapt the calculating procedure to the unique conditions in a specific 
mining field.  
 
Key words: mining geomechanics, mining subsidence, influence function, reaction function 
 
 
In this study the ideas, suggested in part I of the paper are completed. The influence and the 
reaction function for a specific mining field are calculated. The numbering of the paragraphs, 
formulae and figures follows these in part I. 
 
 
4. Specifying the Source Behaviour (The Influence Function) 
 
By  mining  out  an  elementary  area  dA dxdy    from  domain     a  displacement  possibility 
potential in point  i P    will be created as follows [4] Fig.4: 
 
 
 
Fig.4. Scheme for determining the influence function 
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where k is a reducing coefficient. 
The components of the elementary displacement possibility can be written in following form 
[1, 3]: 
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If the coal is mined out in the limits b < x < b for the total vertical displacement possibility 
is obtained: 
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Then after changing the variables the integration is realized. 
Thus, the vertical component of the total displacement possibility, which is provided in a rock 
mass point  i P    by removing of the geomaterial  in  all domain   , can be calculated as 
follows: 
 
  , y
x b x b
R x H km arctg arctg
HH
   

, (21) 
 
where      ,, y R x H f x H   of the point  i P   . 
 
In conclusion we should note , that the displacement possibility, calculated above represents 
the displacement of a point of an ideal medium if it exists. 
 
 
5. Specifying the Rock Mass Reaction 
 
In a real medium we have to ascribe its physical and mechanical properties by using g(x,H), 
which determine the rock mass reaction to the provided subsidence possibility. 
By  comparing  the  theoretical  model  (16)  to  measurement  results  in  situ  we  will  use 
Avershin’s (1947) natural observation realized in Stekinsy region of the Podmoskovsky coal 
basin. The technological characteristics in this case are as follows -Fig 5a: 
- Dept of working  H = 60 m; 
- Half length of working  b = 30 m; 
- Thickness of seam mined  m = 2 m; 
- Maximum subsidence  wmax = 1,3 m. 
In the Avershin’s monograph [1] can be found the measurement results and the calculations 
based on the potential theory of the vertical displacements. We should note that the results 
and the analysis of Avershin verify the mechanical model suggested above and confirm its 
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Actually Avershin notes that the calculated after the potential theory subsidence is bigger than 
the measured one. This observation is in agreement whit the assumption in the new model. In 
the potential theory solutions of Avershin is calculated the displacement possibility created on 
the earths surface by removal of the coal, i.e. g(x) = 1.We can have g(x) = 1 only in the case 
of an ideal medium where 100% of the displacement possibility offered in a point  i P    can 
be realized. 
Let us pay attention to Fig.5, where a partial mined horizontal coal seam is shown. 
 
 
a                                                                  b 
 
Fig.5. Measured and calculated subsidence realized in Stekinsy region of the Podmoskovsky 
basin 
 
On the earth's surface over that working the measured by Aversin subsidence trough is formed 
Fig.5a. 
Let us suppose the function    wx represents the calculated after the potential theory mining 
subsidence. The calculated subsidence is drawn by a continuous line (Fig.5) and is assumed as 
the displacement possibility.  
The  function  w  (x,  H)  establishes  the  measured  values  of  the  vertical  displacement.  This 
function is drawn by short dashes (Fig.5) It is assumed that the measured in situ subsidence 
values are the real ones and are defined by the relation (l8). So it could be written: 
    , w x H amf x  , 
(22) 
      , w x H amf x g x  . 
 
The difference between these functions is: 
 
        , w x H maf x maf x g x    . (23) 
 
The graphic of this function is illustrated on Fig. 6. 
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Fig.6. Values of Δw(x, H) 
 
The values of Δw(x, H) are given in column 5 of table l. 
 
From (22) can be obtained 
 
   
 
 
 
,,
11
,,
w x H w x H
gx
maf x H w x H

    . (24) 
 
Obviously 0 < g(x,H) < 1. 
The discrete values of g(x,H) are given numerical in column 7 of table 1 and shown graphical 
in Fig.7. 
In accordance to the numerical values of g(x, H) in table 1 for determining the rock mass 
reaction function will be used as an exponential function interpolation: 
 
   
2 .exp y x c kx  , (25) 
 
where k = const > 0; c = const. 
Table 1 
№  m xi     i w x m     i w x m     i wx 
 
 
 
i
i
wx
wx

    i gx     i yx  
1  0  1,3  1,29  0,01  0,0077  0,9923  0,9963 
2  10  1,28  1,26  0,02  0,0156  0,9844  0,9683 
3  20  1,22  1,10  0,12  0,0983  0,9017  0,8887 
4  30  1,10  0,84  0,26  0,2364  0,7636  0,7704 
5  40  0,82  0,52  0,30  0,3658  0,6342  0,6307 
6  50  0,60  0,30  0,30  0,5000  0,5000  0,4878 
7  60  0,40  0,18  0,24  0,6000  0,4000  0,3562 
8  70  0,28  0,08  0,20  0,7143  0,2857  0,2457 
9  80  0,20  0,03  0,17  0,8500  0,1500  0,1600 
1
0 
90  0,18  0,02  0,16  0,9222  0,0778  0,0988 
1
1 
100  0,17  0,01  0,16  0,9412  0,0588  0,0572 
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Writing (25) in the form: 
 
2 ln ln y c kx . 
and substituting 
ln ; ln z y A c   
is obtained 
2 z A kx  . (26) 
 
Using second range polynomial interpolation must be written 
 
22
0 1 2 a a x a x A kx     , (27) 
where а1=0. 
The normal system of the polynomial regression after Dorn and McCacen [2] takes the form: 
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By solving this system is obtained 
 
с = 0,9963  and  k = 2,8571.10
4. 
 
 
 
a                                                           b 
Fig.7. Graphics of g(x) and y(x) functions 
 
So the interpolation function is 
 
   
42 0,9963exp 2,8571.10 y x x   . (29) 
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This function is shown in Fig.7b. It gives acceptable results by calculating. The obtained 
Gauss's  interpolation  function  makes  it  possible  to  suggest  hypothesis  about the  physical 
nature of the rock mass reaction in the influence area. 
 
6. The Final Result 
 
The form of the suggested new relation is: 
       
42 , . . , . , 0,9963. . . .exp 2,8571.10
x b x b
w x H ma f x H g x H mak arctg arctg x
HH
       

(30) 
 
Taking  into account the fact that by  max 0 (0) x w w    the  coefficient  k  is  determined  as 
follows: 
 
max
1,9926. .
w
k
b
marctg
H
  (31) 
Finally the new obtained formula is  
 
   
42 max.
, . .exp 2,8571.10
2
wa x b x b
w x H arctg arctg x
b HH arctg
H
      

 (32) 
 
The relation (32) is adapted to the conditions of the Stekinsy region of the Podmoskovsky 
coal basin.  
Follow the suggested algorithms one can obtain the better adapted relation for calculating the 
subsidence for every specific coal basin. 
 
7. Conclusion 
The  considerations  presented  above  lead  to  a  new  mechano-mathematical  model  for 
describing the rock mass displacements caused by underground excavation of geomaterial. 
The essence of such a  model  is  its  adaptation  possibility  for the  specific conditions  in  a 
specific mining field. 
The new formula allows separate determining of the influence and of the reaction functions 
connected whit the medium behaviour properties. 
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